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ABSTRACT No gold standard exists for histopathological diagnosis of a prosthetic
joint infection (PJI). The historical criterion considers the presence of neutrophil
infiltration upon examination of periprosthetic tissue. Morawietz et al. proposed a
classification of periprosthetic membranes (Morawietz et al., Clin Pathol 59:591–597,
2006, https://doi.org/10.1136/jcp.2005.027458) and a more recently described classifi-
cation with a new cutoff value of 23 neutrophils in 10 high-power fields (Morawietz et
al., Histopathology 54:847– 853, 2009. https://doi.org/10.1111/j.1365-2559.2009.03313
.x). We performed a multicenter prospective study, which compared both methods for
the diagnosis of PJI. All suspicions of PJI (n � 264) between December 2010 and March
2012 in seven centers were prospectively included. Five perioperative specimens were
collected per patient for cultures, and one was collected for histology. Diagnosis of PJI
was made according to the Infectious Diseases Society of America (IDSA) guidelines.
Histopathological analysis classified the patients according to the threshold of 23
neutrophils and according to the classification of Morawietz. Performances of both
methods were compared by using clinical and/or bacteriological criteria as the gold
standard. Among 264 patients with suspected PJI, a diagnosis of infection was con-
firmed in 215 and unconfirmed in 49 patients. Histopathological analysis was available
for 150 confirmed PJI and 40 unconfirmed PJI cases. The sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy were 78.7%, 90.0%, 96.7%,
52.9%, and 81.1%, respectively, for the Morawietz classification, and 82.0%, 90.0%,
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96.9%, 57.1%, and 83.7%, respectively, for the 23-neutrophil threshold. The new algo-
rithm using a threshold of 23 neutrophils can be proposed as a new gold standard for
the histopathological diagnosis of PJI.

KEYWORDS prosthetic joint Infection, periprosthetic interface membrane, neutrophil
threshold

Prosthetic joint infection (PJI) is one of the most serious complications of orthopedic
surgery, increasing the risk of morbidity and mortality (1, 2). Clinical practice

guidelines were produced between 2009 and 2013 by several societies, including the
Infectious Diseases Society of America (IDSA), the Musculoskeletal Infection Society
(MSIS), the Société de Pathologie Infectieuse de Langue Française (joining 10 other
French specialty societies), and the Italian Society of Infectious and Tropical Diseases
(3–6). Recently, an International Consensus Meeting on Periprosthetic Joint Infection
was supported by the European Bone and Joint Infection Society (EBJIS), the MSIS, and
a large number of other groups from around the world, who proposed an international
consensus definition of PJI (7). Evidence of PJI is considered definitive when a sinus tract
exists in communication with the prosthesis, when the same pathogen is growing from
two different periprosthetic tissue or fluid samples, or when at least 3 of 6 minor criteria
are present. Purulence around prosthesis, which was a major criterion in the IDSA
definition and a minor criterion in the MSIS definition, was unfortunately removed from
the International Consensus Meeting definition of PJI. However, according to IDSA
guidelines, purulence caused by adverse reaction to metal debris must be excluded
from PJI criteria (3). The observation of acute inflammation with neutrophilic infiltration
upon histopathological examination of periprosthetic tissue is considered highly sug-
gestive of PJI. The most widely used analysis is based on the count of neutrophils. The
number of neutrophils per high-power field (HPF) strongly correlating with infection
has historically differed among authors from more than 1 to more than 5 neutrophils
per HPF (8–12). However, the most consensual criterion is the presence of at least 5
neutrophils per HPF in at least 5 separate microscopic fields (9, 11). This criterion is that
of the MSIS consensus, whereas the IDSA consensus includes acute inflammation
without defining a precise neutrophil score (3, 4).

As underlined in consensual guidelines, histopathological analysis may be rendered
difficult by a heterogeneous appearance of periprosthetic membrane. A prospective
study analyzing specimens from pseudocapsule and from interface membrane showed
that periprosthetic interface membrane is the best specimen for the histopathological
diagnosis of prosthetic joint infection (13). Morawietz classification was proposed to
enable a standardized typing of periprosthetic membrane into four different types,
among which two are infectious types (14). This new classification is interesting, insofar
as it provides histopathological findings other than those related to the inflammatory
response sensu stricto. It was preliminarily applied to a study collecting 370 samples
from revision surgery, underlining the importance of noninfectious, non-particle-
induced loosening of prostheses in orthopedic surgery (type IV membrane), which was
diagnosed in 15% of patients (14). In a second prospective study, which included 50
patients suspected of PJI, Morawietz classification of periprosthetic membrane showed
the existence of PJI in 37 patients, despite a high proportion of poor-virulence cuta-
neous bacteria isolated from tissue samples (15). The two main limitations of this study
were, first, the lack of comparison between neutrophil count and Morawietz classifica-
tion, and second, the low number of PJI cases studied.

More recently, the same team of pathologists from Berlin proposed a new algorithm
for histopathological diagnosis of PJI. By enumerating the neutrophils in 10 HPF
without counting more than 10 neutrophils in each HPF, they finally proposed a
threshold of 23 neutrophils, above which the case can be considered an infectious type
and below which it would not be an infectious type (16). In this study, the authors used
immunohistochemistry with an anti-CD15 antibody for specific identification of neu-
trophils.
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Another important limitation of histopathological analysis is the large reading
variation among different pathologists, which is underlined in consensus guidelines.
Finally, given that most of the studies analyzing histology in the diagnosis of PJI are
single-center studies that include a relatively low number of patients, a large multi-
center study was missing.

Our West French network organization (Centre de Référence des Infections Ostéo-
articulaires du Grand Ouest [CRIOGO]) for the multidisciplinary diagnosis and treatment
of bone and joint infections in seven referral centers allowed us to carry out the first
prospective multicenter study related to the molecular and histopathological diag-
nosis of PJI. The contribution of broad-range PCR to the diagnosis was recently
published (17, 18).

The main objective of this study was to compare the Morawietz histopathological
classification of the periprosthetic interface membrane with the threshold of 23 neu-
trophils in 10 HPF to allow better differentiation between septic and aseptic processes
in the diagnosis of PJI.

MATERIALS AND METHODS
Study design and ethics approval. The study was designed as a multicenter, prospective, obser-

vational, cross-sectional study of adult patients suspected of having PJI. The study protocol (Programme
Hospitalier de Recherche Clinique Interrégional API/N/041) was approved by the institutional review
board or ethics committee at every site. Informed consent was obtained from each patient before
inclusion.

Study population. Consecutive patients with clinical signs suggesting acute or chronic PJI in seven
French university hospitals between December 2010 and March 2012 were included. Six tissue samples
were collected during surgery, consisting of five samples for culture and molecular diagnosis and one
periprosthetic membrane sample for histopathological analysis.

Definition of PJI. Early postoperative PJI was suspected for patients with pain, disunion, necrosis, or
wound dehiscence within the first month following prosthesis implantation. Late chronic PJI was
suspected in the presence of chronic pain without systemic symptoms that occurs more than 1 month
after the index surgery, as well as that of a loosened prosthesis (19, 20). According to the IDSA guidelines,
PJI was diagnosed when at least one of the following criteria was positive: (i) clinical criterion with the
presence of a sinus tract communicating with the prosthesis and/or purulence around the prosthesis,
and/or (ii) bacteriological criterion for infection (as specified below).

Microbiological methods. For each patient, 5 perioperative specimens (periprosthetic tissue or
synovial fluid) collected in sterile vials were submitted to the microbiology laboratory. Each of the 5
bead-milled suspensions was inoculated into a pediatric blood culture bottle and into Schaedler broth,
then onto a blood agar plate, a chocolate agar plate, and a blood agar plate supplemented with hemin
and vitamin K1. Isolated bacteria were identified according to the standard laboratory procedures.
Discordant results were resolved using partial 16S rRNA gene sequencing. Antibiotic susceptibility testing
was determined according to the EUCAST recommendations (21). The bacteriological results were
considered positive if at least one culture yielded a strict pathogen (such as Staphylococcus aureus,
Pseudomonas aeruginosa, Enterobacteriaceae spp., or anaerobes) or two cultures yielded a pathogen that
was a skin commensal (such as coagulase-negative staphylococci [CoNS] or Cutibacterium acnes) (3).

Molecular methods. PCR assays were performed in a highly standardized manner with the 5
perioperative patient specimens (periprosthetic tissue or synovial fluid) at all sites. All PCRs were
performed in parallel with cultures from the same bead-milled suspension. Real-time PCR was performed
to target the 5= part of the 16S rRNA gene. The corresponding amplicons were sequenced in both strands
and assembled, and the consensus sequences were compared with those in the Bioinformatics Bacteria
Identification (BIBI) and BLAST databases. The rates of concordance between 16S rRNA gene PCR and
bacteriological results were based on results at the genus (�96% similarity) and species (�98% similarity)
levels. The criterion for molecular diagnosis was modeled on the bacteriological criterion (�1 positive
sample for strict pathogens and �2 positive samples for commensal skin flora). Molecular data were
analyzed according to the diagnosis of PJI (for more information, see references 17 and 18).

Histopathological analysis. The periprosthetic membrane samples were fixed in buffered formalin,
and paraffin block sections (3- to 5-�m slice thickness; slide area 30 � 25 mm) were stained with
hematoxylin and eosin. The slides were postoperatively studied under normal and polarized light
microscopy. The periprosthetic membrane specimens were analyzed in two manners, as follows.

The 23-neutrophil method. The 23-neutrophil method uses the neutrophil score after examination
of 10 high-power fields (HPF). As recommended by Morawietz, a maximum of 10 neutrophils were
counted in each HPF (16). Thus, a wider, less focal distribution of neutrophils may be analyzed, avoiding
focal neutrophilic aggregates produced by extravasation from blood vessels overcalling acute inflam-
mation and thus PJI (16). The total sum of neutrophils, determined for 10 HPF, was between 0 and 100.
Finally, each case with a neutrophil count of �23 was considered an infective type, and each case with
a neutrophil count of �23 was considered a noninfective type (16).

Periprosthetic membrane classification. The periprosthetic membrane classification system de-
fined by Morawietz has four different types of periprosthetic membranes, as follows: type I, periprosthetic
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membrane of the wear-particle-induced type, characterized by predominant infiltration of macrophages
and multinuclear giant cells containing polyethylene particles; type II, periprosthetic membrane of the
infectious type, containing activated fibroblasts, proliferation of small blood vessels, edema, and inflam-
matory infiltrate of neutrophilic granulocytes; type III, periprosthetic membrane of the combined type,
which is a combination of the histopathological aspects described for types (I and II) and is also
considered an infectious type; and type IV, periprosthetic membrane of the indeterminate type (nonin-
fected, not induced by wear particles), described as a connective tissue low in cells and rich in collagen
fibers (14). In each of the seven hospitals, the slides were assessed by a pathologist who was blinded to
the clinical data and to the results of the cultures. An electronic case report form was created to collect
each of the items necessary to the periprosthetic membrane classification system and to the neutrophil
score.

Statistical analysis. To evaluate the contribution of histopathological criterion in the diagnosis of
PJI, the clinical and bacteriological criteria were analyzed, namely, the presence of clinical and/or
bacteriological criteria in favor of an infection versus neither of these two criteria.

Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of the
Morawietz classification with respect to the presence of clinical and/or bacteriological criteria were
calculated.

The neutrophil counts were described using quartiles (median, 25th, and 75th percentiles) for
patients having the clinical and/or bacteriological criteria and for patients with neither of the two criteria.
Neutrophil counts were also binarized according to the threshold of 23 neutrophils proposed by
Morawietz et al. (16). Then sensitivity, specificity, positive predictive value, negative predictive value, and
accuracy of the 23-neutrophil threshold with respect to the presence of clinical and/or bacteriological
criteria were calculated. Bacterial documentation was described for the discordant cases.

Finally, a univariate logistic model was used to estimate the discriminating quality of the neutrophil
count in the diagnosis of PJI (area under the receiver operating characteristic [ROC] curve) and to plot
the associated ROC curve.

RESULTS
Diagnosis of infection. Of the 264 suspected cases of PJI, 127 (48%) occurred in

male patients, and the median age at the time of diagnosis was 73 years. The suspected
cases of PJI included 165 hip arthroplasty infections (63%), 88 knee arthroplasty
infections (33%), and 11 shoulder and elbow arthroplasty infections (4%). The patients
presented with symptoms of early postoperative infection in 19% of cases and late
chronic infection in 81% of cases. Seventy-six patients (29%) received antibiotics for 2
weeks before surgery (17). After analysis of clinical and bacteriological criteria, a
definitive diagnosis of infection was confirmed in 215 out of 264 suspected cases of PJI
(Fig. 1). The PJI were late chronic for 168/215 (78%) and early postoperative infection
for 47/215 (22%) of cases.

Of the 215 patients with confirmed PJI, 192 (89%) had a positive bacteriological
criterion, with monomicrobial infection in 163 (85%) cases and polymicrobial infection
in 29 (15%) cases (17).

Of the 163 monomicrobial infections, staphylococci were isolated in 108 cases,
streptococci and enterococci in 22 cases, Gram-negative bacilli in 16 cases, anaerobes
in 13 cases, and other bacteria in 4 cases (for detailed results, see Table S1 in the
supplemental material). Of the 29 polymicrobial infections, 21 involved 2 or more
different aerobic bacteria, 7 involved both aerobic and anaerobic bacteria, and 1
exclusively involved anaerobes (17).

Analysis of histopathological criterion. Among the 264 suspicions of PJI, 74
patients were excluded for the following reasons: histology results were not received
for 31 patients or could not be interpreted due to degenerative lesions or poor
quality of samples (small size, osseous muscular tissue, and/or fibrinous or fibrino-
hemorrhagic deposits) in 43 cases, leaving 190 patients available for histopatho-
logical analysis (Fig. 1).

Histopathological analysis using the periprosthetic membrane classification
system. Of 190 available histopathological results, 89 (46.8%) were of the infectious
type II, 33 (17.4%) of the combined type III, 42 (22.1%) of the wear-particle-induced type
I, and 26 (13.7%) of the indeterminate type IV. The sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy of the Morawietz classification
with respect to the presence of clinical and/or bacteriological criteria were 78.7% (95%
confidence interval [CI], 71.2 to 84.9), 90.0% (76.3 to 97.2), 96.7% (91.8 to 99.1), 52.9%
(40.4 to 65.2), and 81.1% (74.7 to 86.4), respectively (Table 1).
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Histopathological analysis using a threshold of 23 neutrophils. The median
neutrophil number was 86.5 (95% CI, 43 to 100) for the 150 patients having the clinical
and/or bacteriological criteria and 0 (95% CI, 0) for the 40 patients with neither of the
two criteria. The threshold of 23 neutrophils for the histopathological diagnosis of PJI
with respect to the presence of clinical and/or bacteriological criteria led to a sensitivity,
specificity, positive predictive value, negative predictive value, and accuracy of 82.0%
(95% CI, 74.9 to 87.8), 90.0% (76.3 to 97.2), 96.9% (92.1 to 99.1), 57.1% (44.0 to 69.5), and
83.7% (77.6 to 88.6), respectively (Table 2). The receiver operating characteristic curve
of the neutrophil count showed the performances of the 23-neutrophil threshold with
a satisfactory area under the curve of 0.907 (Fig. 2).

Bacteriological documentation of discordant results between the 23-neutrophil
threshold and clinicobacteriological criterion. Twenty-seven patients with the pres-
ence of clinical and/or bacteriological criteria of infection presented with a neutrophil
count of less than 23. Half of them (56%) were due to bacteria belonging to cutaneous
flora (CoNS, n � 13; Cutibacterium acnes, n � 1), or to a non-beta-hemolytic Strepto-
coccus sp. (n � 1). In culture, 6 of the 27 (22%) patients remained negative, among
which 3 treated patients were positive by PCR. At least the 6 remaining patients (22%)
had a PJI involving virulent pathogens, namely, S. aureus in 4 cases and P. aeruginosa
in 2 cases.

FIG 1 Flowchart.

TABLE 1 Assessment of the Morawietz classification with respect to the presence of
clinical and/or bacteriological criteria

Clinical and/or bacteriological
criteria of infection

Morawietz classification (no. of
patients)

Total
Type II and III
membranesa

Type I and IV
membranesb

Presence 118 32 150
Absence 4 36 40
Total 122 68 190
aTypes II and III were considered to be associated with infection.
bTypes I and IV were not associated with infection.
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DISCUSSION

The classification proposed by Morawietz defines histopathological criteria to es-
tablish a concise typing of the periprosthetic interface membrane that would be
applicable to routine investigation (14). Detailed histopathological characterization
provides information about the cause of prosthesis loosening, allowing differentiation
between infected and noninfected loosening. It proposes in particular to search for
wear particles, predominantly polyethylene particles, which are classified in the non-
infectious type I classification when they are associated with macrophages and multi-
nuclear giant cells, or in the infectious type III classification when they are associated
with infiltrates of neutrophilic granulocytes and activated fibroblasts. Focus on wear
particles is particularly interesting because they can be responsible for inflammation,
which is sometimes difficult to distinguish from infection. Hence, this classification
helps to differentiate purulence caused by inflammatory reaction to metal debris from
true PJI, whereas purulence and wear particles are associated with periprosthetic tissue
samples positive in culture for bacteria. et al. showed that histopathology type III was
associated with prosthetic-joint infections, such as type II, taking the two infectious
types into consideration (14). Another interesting type in the Morawietz classification is
type IV, which is noninfected and not induced by wear particles, and which is described
as a connective tissue rich in collagen fibers. The histopathological classification of
Morawietz is a precise and detailed analysis that is currently routinely used in German-
speaking countries (14–16, 22).

TABLE 2 Assessment of the threshold of 23 neutrophils with respect to the presence of
clinical and/or bacteriological criteria

Clinical and/or bacteriological
criteria of infection

No. of patients with
neutrophil count of:

Total>23 <23

Presence 123 27 150
Absence 4 36 40
Total 127 63 190

FIG 2 Receiver-operating characteristic curve of the neutrophil (NG) count according to the clinical
and/or bacteriological criteria.
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The recent algorithm developed by the same team using a threshold of 23 neutro-
phils in 10 HPF allows a rapid and precise histopathological diagnosis of PJI. Indeed,
counting only a maximum of 10 neutrophils before moving to the next field makes it
possible to scan more different fields in cases of difficult diagnosis. In our multicenter
study, specificity and positive predictive value of the two methods showed very similar
performances. On the other hand, the threshold of 23 neutrophils exhibited a slightly
higher sensitivity (82%) with slightly greater precision (83.7%) than those of the
interface membrane classification (78.7% and 81.1%, respectively). It can be empha-
sized that these good performances were obtained without CD15 immunohistochem-
istry. CD15 is a sensitive antibody that facilitates the identification of neutrophils by
staining them red. Unfortunately, we could not use this technique for our study
because it required at least 30 min for its realization and was relatively expensive. Since
then, this immunohistochemical staining can be performed in a fully automated
staining system, which remains still expensive and cannot be routinely used in all
histology services (23). Under our analysis conditions, it was reassuring to obtain this
good performance on a large number of patients without using immunohistochemis-
try. Using this 23-neutrophil threshold without CD15 staining, we found a sensitivity of
82% compared with bacteriological and/or clinical criteria, against 73% compared with
microbiological diagnosis or 77% compared with clinical diagnosis in the study using
CD15 immunochemistry (16). Both methods showed a lack of sensitivity, as 21%
(32/150) versus 18% (27/150) of PJI were not well-characterized by the Morawietz
classification and the threshold of 23 neutrophils, respectively. Most of these discordant
cases were explained by the nonpyogenic nature of the cutaneous bacteria involved, as
previously described (13).

In conclusion, our multicenter prospective study found the threshold of 23 neutro-
phils to be at least as discriminating as the Morawietz classification for the diagnosis of
PJI. Therefore, the 23-neutrophil threshold could be proposed as a new histopatholog-
ical gold standard for the diagnosis of PJI.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/JCM
.00536-18.

SUPPLEMENTAL FILE 1, XLSX file, 0.1 MB.
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